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Introduction

Subject of this workshop

e —— T

Subject of this workshop = the European Standard EN 1992

Eurocode 2: Design of concrete structures

Part 1-1: General rules and rules for buildings

which has been prepared by Technical Committee CEN/TC250 «Structural Eurocodes»




Introduction

Code settings in Scia Engineer
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Scope of Eurocode 2

= Design of buildings and civil engineering works in plain, reinforced and prestressed

concrete

= Requirements for resistance, serviceability, durability and fire resistance of concrete

structures

» Eurocode 2 is subdivided into the following parts:

Part 1-1: General rules and rules for buildings

Part 1-2: Structural fire design

Part 2: Reinforced and prestressed concrete bridges
Part 3: Liquid retaining and containing structure

= Focus in this workshop: Reinforced concrete — Part 1-1

NEMETSCHEK
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Section 1 General

Scope of Part 1-1 of Eurocode 2

—t, =

= General basis for design of structures in plain, reinforced and prestressed concrete
made with normal and light weight aggregates together with specific rules for buildings

Section 1: General

Section 2: Basis of design

Section 3: Materials

Section 4: Durability and cover to reinforcement

Section 5: Structural analysis

Section 6: Ultimate limit states

Section 7: Serviceability limit states

Section 8: Detailing of reinforcement and prestressing tendons - General
Section 9: Detailing of members and particular rules

Section 10:  Additional rules for precast concrete elements and structures

Section 11:  Lightweight aggregate concrete structures
Section 12:  Plain and lightly reinforced concrete structures

* Focus in this workshop: Sections 1 to 9
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Section 2 Basis of design

Basic variables

Material and product properties

- general rules — see EN 1990 Section 4
- specific provisions for concrete & reinforcement — see EN 1992 Section 3

Shrinkage and creep

- time dependent

- effects have to be taken into account in the SLS

- in the ULS: only if significant (for example 2" order)
- quasi-permanent combination of loads

Application in Scia Engineer:

Creep: CDD or PNL calculation
Shrinkage: TDA calculation
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Verification by the partial factor method

e —

Design values
Partial factors for shrinkage, prestress, fatigue loads
Partial factors for materials

- ULS: recommended values

Design situations # for concrete | 3y forreinforcing steel | ;¢ for prestressing steel
Persistent & Transient 1,5 1,15 1,15
Accidental 1,2 1,0 1,0

- SLS: recommended values

Y.andy, =1
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Section 2 Basis of design

Verification by the partial factor method

——

Design values

Partial factors in Scia Engineer

EC-EN || |[Name
=- Concrete = Concrete
= Design defaults Design defaulis
Cancrete cover Bl General
gzg‘r':gs B Comfrele
2D structures and beam slabs B|National annex
Punching B EN_1992_1_1
Default sway type (for columns and bea [gammaicfper - partial factor for concrete, ULS, persistent and transient de... 150
= General gamma_c_acc - partial factor for concrete, ULS, accidental design situation...  1.20
fck_max - maximum value of the characteristic cylinder strength 3.1.2(2) [M.. 90,00
MNon-prestressed reinforcement alpha_cc - coeff taking account of long term effects on the compressive stre.. 1.00
Eu‘rab‘ility and concrete caver alpha_ct- coeff taking account of long term effects on the tensile strength 3. 1.00
EC-EN # ||| |Name
= Concrete = Concrete
= Design defaults Design defaults
Cancrete cover Bl General
gzg‘::;s Concrete ;
90 structures and beam slabs =) Non—_preslressed reinforcement
Punching E National annex
Deefault sway type (for columng and bea B EN_1992 1 1
3 General gamma_s_per - partial factor for ULS, persistent design situation 24.24(1)[] 115
Concrete [gamma_s_acc - partial factor for ULS. accidental design situation 2.4.2.4(1} [] 1.00
(MNor-prestessed reinforcement) eps_ud/eps_uk - ratio of design and characteristic strain limit 3.2.7(2) [ 090
Durability and concrete cover EEN 1992 1 2
e Ca\iu\atmn‘ gamma_s_fi - partial factor for ULS. fire situation 2.3 (2)P [-] 1.00
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Section 3 Materials

Concrete

Characteristic strength

Compressive strength

- denoted by concrete strength classes (e.g. C25/30)
- cylinder strength £, and cube strength f, .,pe
- fy determined at 28 days

If required to specify £, () at time t for a number of stages
(e.g. demoulding, transfer of prestress):

= fu () =1, () -8[MPa] for3 < t<28days
" fu(l) = fy for t =2 28 days

where f.(f) = Be(t) o with B..(f) dependent on the cement class

11
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Concrete

EN Table 3.1 Strength and deformation characteristics for concrete

Strength classes for concrete Analytical relation
I Explanation

£ (MPay| 12 B | 20 | 25 30 35 40 | 45 50 55 60 70 80 90
Fcuba 15 20 | 25 | 30 a7 45 s0 | 55 &0 &7 75 a5 a5 105
MPa)
fan 20 24 | 28 | 33 38 | 43 48 | 53 58 63 68 78 88 8 fm = EachB{MPa)
(MPa)
fam 1.6 | 18 [ 22| 28 | 29 32 | 35 | 38 | 41 4.2 44 46 4.8 5,0 |fn= 030 N=CE0/60
(MPa) =212 In( 14 { Fg10))
> CE0/E0
faops | 11| 13 | 15| 18 | 20| 22 | 25 | 27 | 28 3,0 31 32 34 | 35 | furow=0Txkim
MPa) 5% Factile
faops | 20 | 25 [ 29 | 33 [ 28 | 42 |46 | 43 | 523 55 57 | 80 | 83 | 658 | fanmw=135fn
(MPa) 95% fractile
Ean 27 29 | 30 | 3 33 34 3/ | 36 37 38 39 41 42 44 Een= 22f{fni 10"
(GPa) (Emin MPa)

£er (%a) 1.8 19 2,0 21 22 225 23 24 245 25 26 27 28 28 se= Figure 3.2
(o) = 0T £0"" < 2.8

Ean1(%a) 35 32 3.0 28 28 28 | se=Figurs 3.2

for £z 50 Mpa
eyl Y= 2.8 T (081 00]
- 2,0 2.2 23 24 | 2,5 | 28 sas Figurs 3.3
£ez (R for £, 2 50 Mpa
o) =2, 000, DBS( £,-50

% 35 3.1 29 27 2.6 26 see Figurs 2.3
o for £, 50 Mpa
e o =2, B 3 (0, 301 00]*

n 2,0 1,78 1,6 1,48 1,4 1,4 for a2 50 Mpa
n=1,4+23 4 (90- )M 000"
53 (%a) 1,75 18 19 2,0 22 23 ses Figurs 3.4
for fa2 50 Mpa
.ol Voa =1, TE+ 0, BB SOMA0]
Feya (Foa) 35 31 29 27 28 28 eee Figurs 3.4

for fu.z 50 Mpa
oo} =2, 6+ 36 (90-E4)1 001

12
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Concrete

Material characteristics in Scia Engineer

] Materials ﬁ
A ) @ wEE M -
C12/15 G modulus [MPa] [.
C16/20 Log. decrement 02
C20/25 Colour [ ]
C25/30
Specific heat [J/gK] 6,00002-01
ggg;; Temperature dependency of specific heat Nane 7.
Ca0/50 Thermal conductivity [¥¥/mK] 4,5000e+01
C45/55 T dependency of thermal Nane [
C50/60 Order in code 5
Css/67 B [EN 1992-1-1 |
C60/75 Characteristic compressive cylinder strength fck(28) [MPa] 3000
C70/85 Calculated depended values =
C80/95 Mean compressive strength fem(28) [MPa]
C90/105

fem(28) - fck(28) [MPa]

C55/67(EN1992-2) Mean tensile strength fetm(28) [MPa]

C60/75(EN1992-2)

C70/85(EN1992-2) fetic 0.05(28) [MPa]
C80/95(EN1992-2) ft 0,95(28) [MPa]
C90/105(EN1992-2) Design compressive strength - persistent (fed = fck / gamma c_p) [MPa]

Design compressive strength - accidental (fed = fck / gamma c_a) [MPa]
Strain atreaching maximum strength eps c2 [Te-4]

Ultimate strain eps cu2 [1e-4]

Strain atreaching maximum strength eps c3 [Te-4]

Ulimate strain eps cu3 [Te-4]

Stone diameter (dg) [mm] 32
Cementclass N (normal hardening - CEM 32.5 R, CEM 42,5 N) j
Type of aggregate Quartzite hd
B Measured values
M d values of mean p ive strength (influence of ageing) o
B Stress-strain diagram
Type of diagram Bilinear stress-strain diagram =l
Picture of Stress-strain diagram | -
Close

13
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Section 3 Materials

Concrete

Design strength

Design compressive strength
fog = Oce T / Yo (3.19)
Design tensile strength
fota = Ot Foo.05 / Yo (3.16)
o, (resp. ay) is a coefficient taking account of long term effects on the compressive
strength (resp. tensile strength) and of unfavourable effects resulting from the way the
load is applied.

O, =1,0and a,=1,0 (recommended values)

14
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Section 3 Materials

Concrete

Elastic deformation
- dependent on composition of the concrete (especially the aggregates)

- approximate values for modulus of elasticity E,,, secant value between ¢, = 0 and
0,4f,,: see EN Table 3.1(for quartzite aggregates)

Reduction for limestone aggregates (10%) — sandstone aggregates (30%)
Augmentation for basalt aggregates (20%)

- variation of the modulus of elasticity with time:

Ecm(t) = (fcm(t) / fcm)o’3 Ecm (35)

- Poisson’s ratio: 0,2 for uncracked concrete and 0 for cracked concrete

15
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Section 3 Materials

Concrete

Creep and shrinkage

dependent on

- ambient humidity

- dimensions of the element

- composition of the concrete

- maturity of the concrete at first loading
- duration and magnitude of the loading

Creep coefficient in Scia Engineer

=-5LS | 2 Creep
Senerl 1 B Creep for concrete - Code dependent deflections (CDD)
Crack pracf Creep coefficient [-]
Code Dependent Deflections Ca\cu.late cre.ep coﬂefﬁuem Yyes
= Detailing provisions Relative humidity [%] [] 50,00
Colurns Age atloading [day] 28
Bearns Age at concrete [day] 1825
A b v el Al [ ] P ——
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Section 3 Materials
Concrete

o, __kn-n’ Remark: the use of 0,4f,, for the definition
f. 1+lk-2hn of E., is approximate!
(13
IL Stress/strain diagram for non-linear analysis - Concrete: C30/37 ﬁ

Stress[MPa]

00
00
~ o
7

Strain[1e-4]

10,

14,0
7

2100 - _____
4,

28,0
1

z?"'"

““01 gcu1

17




LEERETEELEnnd
NEMETSCHEK

Scia

Section 3 Materials

Concrete

Stress-strain relations for the design of cross-sections

Tc b O—G‘k
i fck A~ i:_ ________ =
| 2 |
i ’ ;
| 7 :
i fcd __________ £ : E
! / | :
/ ! ;
! / ! i
| / | |
: / : :
! / i :
: / i i
lr'hlcuz "r:c CO ‘c‘lea ‘c“c:us -.:‘.'c
€c23 - Strain at reaching the maximum strength
€cup3 - Ultimate strain (see EN Table 3.1)
18
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Section 3 Materials

Concrete

Stress-strain relations for the design of cross-sections in Scia Engineer

Bl Stress-strain diagram

|Type of diagram | Bi-linear stress-strain diagram [ hd

Picture of Stress-strain diagram Bi-linear stress-strain diagram
Parabola-rectangle stress-strain diagram

[ Bi-linear stress-strain diagram - Concrete: C30/37 ﬁ [ parabola-rectangle stress-strain diagram - Concrete: C30/37 ﬁ

stress[MPa] stress[MPa]

17,5 (eps c3)
350 (epscud)| _________________|
20,0 (eps c2)
35,0 (eps cu2)

0,00 strain[1e-4] 0,00 strain[1e-4]

19
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Reinforcing Steel

Properties
The behaviour of reinforcing steel is specified by the following properties:

- yield strength (f,, or f; »,)

- maximum actual yield strength (f, )
- tensile strength (£)

- ductility (g, and #/£,)

- bendability

- bond characteristics (fz: see Annex C)
- section sizes and tolerances

- fatigue strength

- weldability

- shear and weld strength for welded fabric and lattice girders

20
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Reinforcing Steel

Material characteristics in Scia Engineer

I Materials ﬁ
PR YR & | @ & B | Reinforcement steel -
B 400A Name B 500A
Bl Code independent
B 800A Material type
84008 Thermal expansion [mjmK] 000
Szggg Unitmass [kg/m™3] 7850,00
B 400C E modulus [MPa] 2,0000e+05
B 500C Poisson coeff. 02
B 600C Independent G modulus [u]
G modulus [MPa]
Log. decrement 02
Colour I
Specific heat [J/gk] 6.0000e-01
Thermal conductivity [W/mK] 45000e+01
Bar surface Ribbed e
Orderin code 2
2 [EN 1992-1-1 ]
Characteristic yield strength fyk [MPa] 5000

Calculated depended values
Charakteristic maximum tensile sirength flk [MPa]

Coefficient k = ftk / fyk []

Design yield strength - persistent (fpd = fyk / gamma s_p) [MPa]

Design yield strength - accidental (fpd = fyk / gamma s_a) [MPa]

Maximum elongation eps uk [1e-4]

Class

Reinforcementtype Bars I

Fabrication Hotrolled v
B Stress-strain diagram

Type of diagram Bi-linear with an inclined top branch j

Picture of Stress-strain diagram -

21
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Reinforcing Steel

= Specified yield strength range: f, = 400 to 600 MPa

= Specific properties for classes A — B — C: see Annex C

Product form Bars and de-coiled rods Wire Fabrics Requirement or
quantile value (%)

Class A‘B‘C A‘B‘C

Characteristic yield strength f,,. 400 to 600 50

or f0,2k (MPa)

Minimum value of k = (f/f,), 21,05 | 21,08 2115 | 21,056 | =108 21,15 10,0
<1,35 <1,35

Characteristic strain at 225 =50 =75 225 =50 =75 10,0

maximum force, & (%)

Bendability Bend/Rebend test

Shear strength - 0,3 A fy (A is area of wire) Minimum
Maximum Nominal

deviation from bar size (mm)

nominalmass <8 +6,0 50
(individual bar >8 +45

or wire) (%)

Class A is used by default; B and C have more rotation capacity.

22
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Section 3 Materials

Reinforcing Steel

Stress-strain diagrams of typical reinforcing steel

Tk aj
7 . fi=Khoanf - - oo oo ,
fyx o i fozr 4----- " i
i & | £
Eik I 0,& |‘_ o !
a) Hot rolled steel b) Cold worked steel

- yield strength 1, (or the 0,2% proof stress, f; »)
- tensile strength f,
- adequate ductility is necessary, defined by the (f/f), and g

23
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Reinforcing Steel

(8
kfyk-- *********************** ..- o= kfyk

o e

/ , !
fa-fudps T P — Recommended value:
| ! ud = Y Cuk
Idealised
! . w Design
i/ E: ' Cuc ¢

Assumptions for design:
(a) inclined top branch with a strain limit of € 4 and a maximum stress of kf,,/y, at g
(b) horizontal top branch without the check of strain limit

24
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Section 3 Materials

Reinforcing Steel

Stress-strain diagrams for design in Scia Engineer

B Stress-strain diagram

|Type of diagram | Bi-linear with an inclined top branch ~
Picture of Stress-strain diagram Bi-linear with an inclined top branch
Bi-linear without an inclined top branch

[ Bi-linear with an inclined top branch - Reinforcement steel: B 500A ﬁ [ Bi-linear without an inclined top branch - Reinforcement steel: B 500A ﬁ

(5"-‘515??5,5,[’\{'?3,], z fydslress[MF’a]
! . & 1 1

o |l . L |/

a [ . = w | ‘

k=] | [ :‘: - I I
.0 | strain[1e-4] G0l | __strain[1e-4]
L e : = g
L g | E ®
o " | e =3
o [ ‘ | )
[ ! | 1 .
[} | I [l :
[ fréyd .l e
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Section 4 Durability and cover to reinforcement
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Section 4 Durability and cover to reinforcement

Environmental Conditions

e e

Class Description of the environment Informative examples where exposure classes
designation may occur

1 No risk of corrosion or attack
For concrete without reinforcement or

0 | s reszarnaw, srasion or chemical EN Table 4.1 Exposure classes

attack . e
For concrete with reinforcement or embedded I"e I ated tO e nvi I'O nm ental CO n d Itl 0 n S
metal: very dry Concrete inside buildings with very low air humidity
2 Corrosion induced by carbonation
XC1 Dry or permanently wet Concrete inside buildings with low air humidity
Concrete | submerged in water
XCc2 Wet, rarely dry Concrete surfaces subject to long-term water
contact
Many foundations
XC3 Moderate humidity Concrete inside buildings with moderate or high air
humidity
External concrete sheltered from rain
XC4 Cyclic wet and dry Concrete surfaces subject to water contact, not

within exposure class XC2

3 Corrosion induced by chlorides
XD1 Moderate humidity Concrete surfaces exposed to airborne chlorides
XD2 Wet, rarely dry Swimming pools

Concrete components exposed to industrial waters

containing chlorides 5 Frooze/Thaw Attack

xb3 Cyclic wet and dry Eﬁg:’i;;sb”dges exposad XF1 Moderate water saturation, without de-icing Vertical concrete surfaces exposed to rain and
Pavements agent freezing
Car park slabs XF2 Moderate water saturation, with de-icing agent | Vertical concrete surfaces of road structures
——h n exposed to freezing and airborne de-icing agents
4 Corrosion 'Ef;::;"’g chiorides from sea water oo XF3 | Figh water saturation, WOt de-oing agents | Horizontal concret surfaces exposed to rain and
) freezing
X2 :’Z?:ﬁ:;‘;\mys::hm?ge il Parts of maring structures XF4 High water saturation with de-icing agents or Road and bridge decks exposed to de-icing agents
sea water Concrete surfaces exposed to direct spra;
Xs3 Tidal, splash and spray zones Parts of marine structuresj containing de-icing agp(;ls and freezinz Y

Splash zone of marine structures exposed to

freezing
6. Chemical attack
Slightly aggressive chemical environment Natural soils and ground water
according to EN 206-1, Table 2
XA2 Moderately aggressive chemical environment | Natural soils and ground water
according to EN 206-1, Table 2
XA3 Highly aggressive chemical environment Natural soils and ground water

according to EN 206-1, Table 2

27
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Section 4 Durability and cover to reinforcement

Methods of verification

Concrete cover
Nominal cover

Chom = Cmin+ ACdev

Canin, MiNimum cover, in order to ensure:

- the safe transmission of bond forces
- the protection of the steel against corrosion (durability)
- an adequate fire resistance (see EN 1992-1-2)

Acy,,, allowance in design for deviation

28
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Section 4 Durability and cover to reinforcement

Methods of verification

Concrete cover
Minimum cover, c,i,
Cmin = Max { Cmin,b ; Cmin,dur + AGdur,g - ACdur,st - ACdur,add ; 10 mm } (4-2)

where:

Ciinp MiNimum cover due to bond requirement
Crindur MiNimum cover due to environmental conditions

Acy, 4 additive safety element
Acy, & reduction of minimum cover for use of stainless steel
Acy,, 244 reduction of minimum cover for use of additional protection

Allowance in design for deviation, Ac,,

Acy, = 10 mm (recommended value)

29
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Methods of verification

Concrete cover in Scia Engineer

EC-EM ~ Name
1= Concrete = Concrete
=+ Design defaults B Design defaults
= \Cunl:rela cover |
Columns "
Beams Use.mm conFrete caver i
2D structures and beam slabs Design warking Iife [years] 0 =
Punching Exposure class XC3 i
Default sway type (for columns and bea Abrasion class Mone Il
= General Type of concrete In-situ concrete i
Concrete Special quality control O no
Men-rractraccad rainfrrcarmaont [P r——
‘Expnsure class | XC3 \Abrasion class | MNone
Abrasion class X0 Type of concrete MNone
Type of concrete ;g; Special quality control im;
Special quality contral XC3 Columns 3
Columns XC4 o
Beams X01
2D structures and be... [XD2
Punching ;g?
Default sway type (f... [ygo
Leneral XS3

30
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Section 5 Structural Analysis
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Section 5 Structural Analysis

Idealisation of the structure

e ——

Structural models for overall analysis

The elements of a structure are classified, by consideration of their nature and function,
as beams, columns, slabs, walls, plates, arches, shells etc. Rules are provided for
the analysis of the commoner of these elements and of structures consisting of

combinations of these elements.

See EN § 5.3.1 for the descriptions

32
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Section 5 Structural Analysis

Idealisation of the structure

. =

Assignment of structural models in Scia Engineer

* For 1D members: 3 types (beam, column, beam slab) — choice made by user

[ pata Concrete ﬁ
2 Name DC1 ~
nu du Member 1
| - | +cu Beam type beam [v 1
Advanced mode beam
El Minimal concrete cover column
Input for sides slab
Structural class
ds S y Exposure class Xc3 -
ns Abrasion class None ~|
dl— =) :$C| Situation of Delta;cdev In-situ concrate -
N Concrete
nl Stone diameter [mm] [.,
bw
Load defaultvalues >>>
Concrete Setup B |
Cancel

| Different calculation methods !

* For 2D members: 3 types (plate, wall, shell) — detected by NEDIM solver, based on
present internal forces

33
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Idealisation of the structure

e ——

Assignment of structural models in Scia Engineer

Beam calculation > Column calculation

A

Difference in reinforcement

area per direction

Internal forces taken into account:

= Beam calculation: N, M,, V,
= Column calculation: N, M,, M, V,

34
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Section 5 Structural Analysis

Idealisation of the structure

. =

Geometric data

Continuous slabs and beams may generally be analysed on the assumption that the

supports provide no rotational restraint.

* Monolithic connection (Fixed support)

Critical design moment at the support = Moment at the face of the support

* Hinged support
Design support moment may be reduced by an amount AMg:

where:  Fgqyq, IS the design support reaction
tis the breadth of the support

35
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Idealisation of the structure

e ——

Moment reduction above support in Scia Engineer

Durai:\llty and concrete cover = |Beams |
=- Calculation Calculate compression reinforcement & yes
General Include narmal force to calculation yes
(Biulumns Check compression of member O no
Bams
NEd < x"Ac™fed; x =[]
=-ULS -
Genaral [Moment reduction at supports O no l
Interaction diagram Shear force reduction at supports 0 no
Nodal support Column support
Mea, ¥ .t Meda®,
3 ANlE Edsup g ;s
A
| support in node Xl LU
>/ - Name Sn1
t \ Type Standard | / \
Angle [deg]
l:E(I sup X Rigid |
z Rigid |
Ry Free
z (Default size [m] 0.200
Node
\*ﬁy B Geometry
@ System GCs |

36
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Section 5 Structural Analysis

Idealisation of the behaviour

. =

Common idealisations of the behaviour used for analysis are:
(a) linear elastic behaviour
(b) linear elastic behaviour with limited redistribution
(c) plastic behaviour, including strut and tie models

(d) non-linear behaviour

37
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Section 5 Structural Analysis

(a) Linear elastic analysis

e ——

= Based on the theory of elasticity
= Suitable for both ULS and SLS

» Assumptions:
- uncracked cross-sections
- linear stress-strain relationships
- mean value of E

For thermal deformation, settlement and shrinkage effects:

- at ULS: reduced stiffness (cracking - tension stiffening + creep)
- at SLS: gradual evolution of cracking

Linear elastic analysis in Scia Engineer

Linear calculation
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(b) Linear elastic analysis with limited redistribution

—— -

Principle of redistribution of bending moment

Elastic bending moment ( linear or dangerous combination) \ . .
N AN Application
/ 7/
yp 1 AN ’ \ )
1 e ol A For analysis of structural members for
A TN RN o
sn o _” sn, the verification of ULS.

Moment reduction ( LC moment reduction)

L N R oy
' sn;

Redistributed bending moment ( redistributed combination)
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(b) Linear elastic analysis with limited redistribution

e

* The moments at ULS calculated using a linear elastic analysis may be redistributed,
provided that the resulting distribution of moments remains in equilibrium with the
applied loads.

» Redistribution of bending moments, without explicit check on the rotation capacity, is
allowed in continuous beams or slabs provided that:
- they are predominantly subject to flexure
- the ratio of the lengths of adjacent spans is in the range of 0,5 to 2
-0 2K + kox/d  for f, <50 MPa (5.10a)
0 2ky+ kx/d  forf, >50 MPa (5.10b)
> ks where Class B and Class C reinforcement is used (see EN Annex C)

> k; where Class A reinforcement is used (see EN Annex C)
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(b) Linear elastic analysis with limited redistribution

—t, =

where:

Jis the ratio of the redistributed moment to the elastic bending
moment

X, is the depth of the neutral axis at the ultimate limit state after
redistribution

dis the effective depth of the section
Ky, Ko, Kgs Kyy K5 @nd kg see recommended values in National Annex

= Redistribution should not be carried out in circumstances where the rotation capacity

cannot be defined with confidence.

» For the design of columns the elastic moments from frame action should be used

without any redistribution.
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(c) Plastic analysis

Plastic analysis for beams, frames and slabs

= Only suitable for ULS

= Plastic analysis without any direct check of rotation capacity may be used, if the
ductility of the critical sections is sufficient for the envisaged mechanism to be formed.

* The required ductility may be deemed to be satisfied without explicit verification if all

the following are fulfilled:

- the area of tensile reinforcement is limited such that, at any section
x,/d = 0,25 for concrete strength classes < C50/60
x,/d < 0,15 for concrete strength classes = C55/67

- reinforcing steel is either Class B or C (see EN Annex C)

- the ratio of the moments at intermediate supports to the moments in the span
is between 0,5 and 2
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(c) Plastic analysis

Options for redistribution of bending moments & plastic analysis in Scia Engineer
Available since Scia Engineer 2010.0

Choice for desired method in the Concrete Setup:

B Check redistributed moments ]
Check acc to 5.5(4) O no
Check accto 5.6.2(2) O no

Check rotation capacity 5.6.3
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(c) Plastic analysis

Analysis with strut-and-tie models

= Strut-and-tie models consist of
- struts = compressive stress fields
- ties = reinforcement

- connecting nodes

= Forces: determined by maintaining the equilibrium with the applied loads in the ULS
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Section 5 Structural Analysis
(c) Plastic analysis

Deep beam Slender beam
with pressure diagonals & tension tie with pressure arch (D) & tension tie (T)

45




LEERETEELEnnd
NEMETSCHEK

Scia

Section 5 Structural Analysis

(c) Plastic analysis

Analysis with strut and tie models in Scia Engineer

Pressure only 2D members — Trajectories result

n1 [kN/m]

41224
400.00
200.00

0.00

-200.00

-400.00
-600.00
-800.00

-1000.00

-1200.00

-1282.26

100,00
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(d) Non-linear analysis

» Suitable for both ULS and SLS, provided that equilibrium and compatibility are satisfied

= Non-linear behaviour for materials taken into account

See EN Section 3 for the non-linear c-¢ diagrams

= The analysis may be first or second order

Non-linear analysis in Scia Engineer

1st order: PNL calculation

2nd order: PGNL calculation
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(d) Non-linear analysis

Non-linear analysis in Scia Engineer: Plastic hinges

Linear calculation Non-linear calculation
~N é; ™~ %
e 1 i Tt e
ST N S T T ST AN SOOI
L \ @ T "
SN A ok 7

Change of the stiffness in the concrete cross-section above the middle support due to
cracks. The plastic resistance moment is reached.

— Redistribution of the moment line to satisfy the equilibrium of the structure

Principle: Non-linear moment above the support + %2 Non-linear moment at the half of
the span = Linear moment above the support
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Geometric imperfections

-

Definition of Geometric imperfections

= As consideration of the unfavourable effects of possible deviations in the geometry of

the structure and the position of loads.

(Deviations in cross-section dimensions — material safety factors)

= To be taken into account both in 1st and 2" order calculation.

» To be taken into account only in ULS (persistent and accidental design situations).

» To be taken into account only in the direction where they will have the most

unfavourable effect.
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Geometric imperfections

e ——

General
Imperfections may be represented by an inclination 6;:

6, =6, ay, o, (5.1)
where:
8, is the basic value = 1/200 (recommended value)
o, is the reduction factor for length or height

0., is the reduction factor for number of vertical members
contributing to the total effect
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Geometric imperfections

. =

Isolated members

2 alternative ways to take geometric imperfections into account

(1) As an eccentricity, e, given by
e=061,/2 (5.2)
where | is the effective length

For walls and isolated columns in braced systems, g, = |,/ 400 may always be used as

a simplification, corresponding to oy, = 1.

(2) As a transverse force, H,, in the position that gives the maximum moment:
- for unbraced members: H=6,N (5.3a)
- for braced members: H =206, N (5.3b)

where N is the axial load
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Geometric imperfections

e

Isolated members

2 alternative ways to take geometric imperfections into account

N N
Y
H
Yy -
I=h!2 | 1=k
e 2y —
al) Unbraced a2) Braced
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Geometric imperfections

—— -

Minimum eccentricity for cross-section design

€omin = Max { h/30 ; 20 mm } see EN § 6.1(4)

where h is the depth of the section

h
This means &y = max [(e1 +ei);ﬁ;20mm]

where:
e, = 15t order eccentricity

e, = eccentricity due to geometric imperfections

e, = €, + ;, design eccentricity in a 15t order calculation

53




LEERETEELEnnd
NEMETSCHEK

Section 5 Structural Analysis Scia

Analysis of second order effects with axial load

e

Definitions

= Fijrst order effects: action effects calculated without consideration of the effect of

structural deformations, but including geometric imperfections.

= Second order effects: additional action effects caused by structural deformations.

They shall be taken into account where they are e,
likely to affect the overall stability of a structure i
significantly; e.g. in case of columns, walls, piles, i

arches and shells. |

——— — — e —

T
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Analysis of second order effects with axial load

—t, =

Criteria for 1st or 2nd order calculation

2" order effects have to be taken into account in each direction, unless they may be

ignored acc. to one of the following articles:

(a) 2" order effects may be ignored if they are less than 10 % of the corresponding 1st

order effects.

(b) Simplified criterion = Slenderness criterion for isolated members

2 order effects may be ignored if the slenderness A < A;,

In case of biaxial bending:
the slenderness criterion may be checked separately for each direction
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——_.

Criteria for 1st or 2"d order calculation
Slenderness ratio A
A=yl i (5.14)
where:

I is the effective length

iis the radius of gyration of the uncracked concrete section

Limit slenderness A,

7u||m=20ABC/\/n

(recommended value, 5.13N)
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——_—

Criteria for 1st or 2nd order calculation

Effective length - for isolated members

R R
d i

il
) \ \ \\"\H M )
> (7~ ( (F= (7= (& (&~
ayh=1 b)lh=2] ¢)h=071 dyh=1/2 e)lh=1 fli2<h<! ¢g)lh>2]
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Analysis of second order effects with axial load

e

Methods of analysis - Taking 2" order effects into account
= General method: based on non-linear 2" order analysis
» Two simplified methods: based on linear (nominal 2" order) analysis

(a) Method based on nominal stiffness & moment magnification factor
— Use: both isolated members and whole structures
(b) Method based on nominal curvature

— Use: mainly suitable for isolated members, but with realistic assumptions

concerning the distribution of curvature, also for structures

» The selection of simplified method (a) and (b) to be used in a Country may be found in its

National Annex.
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Analysis of second order effects with axial load

—t, =

General method

General method in Scia Engineer
Real (physical and) geometrical non-linear calculation

* PGNL analysis for 1D members:
non-linear o—¢ diagram, new stiffness El is calculated iteratively

= GNL analysis for 2D members:
no non-linear c— diagram,
but approximation of new stiffness El by adapting value of E in the
material library:
Ecd
1+,

EI=KE ;I +KEI OF E,..=
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Analysis of second order effects with axial load

——

Simplified methods
(a) Method based on nominal stiffness
Nominal stiffness

Ecd
1+,

Ef=KE_ I +KE] Boagg =

Moment magnification factor

Total moment = 15t and 2 order moment

Mea = Moeq [1 + L]

(Np/Ngg)—1
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Analysis of second order effects with axial load

—— -

(b) Method based on nominal curvature
Application
For isolated members with constant normal force N and a defined effective length .

The method gives a nominal 2" order moment based on a deflection, which in turn is

based on the effective length and an estimated maximum curvature.

Design moment M4
Mgy = Mygq + M, (5.31)
where:
Moeq4 is the 15t order moment, including the effect of imperfections

M, is the nominal 2" order moment, based on 13t order internal forces
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Analysis of second order effects with axial load

——

(b) Method based on nominal curvature
Nominal 2"d order moment M,

M, = Ngy €, (5.33)
where:

Ng4 is the design value of axial force

e, is the deflection = (1/n*(/,%/c)

1/ris the curvature

I, is the effective length

cis a factor depending on the curvature distribution

For constant cross-section, ¢ = 10 (= ©?) is normally used. If the first
order moment is constant, a lower value should be considered (8 is a
lower limit, corresponding to constant total moment).
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Analysis of second order effects with axial load

—— -

(b) Method based on nominal curvature
Curvature 1/r

1r=K K, 1/, (5.34)
where:

K. is a correction factor depending on axial load

K, is a factor for taking account of creep

1/ry=¢,4 /(0,45 a)

&g = fq/ Es

dis the effective depth
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Analysis of second order effects with axial load

i, -

(b) Method based on nominal curvature in Scia Engineer

Linear calculation

= General T B | Calculation
Concrete General
MNon-prestressed reinforcement B | Columns
Prestressed reinforcement = Advanced setting O na

Durahility and concrete cover

- Corner design only 0 no
= Caleulation Determine govemning cross-section beforehand O no
Ssﬂi:ils [Buckling data ® yes ]
Eenmms Optimize the number of bars in ¢-s for biaxial calculation & yes

Taken into account for design:

“Buckling data” OFF: - 1st order moment

“Buckling data” ON: - 1st order moment
- moment caused by geometrical imperfections

- nominal 24 order moment, only if A > Aiim
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Analysis of second order effects with axial load

—— -

(b) Method based on nominal curvature in Scia Engineer

Overview
(art 5.8.3.1[1])
| < liim
yes | | I no
- First order moment - First order moment
- Geometric imperfections - Geometric imperfections
art 5.2[1] - Second order moment **
(nominal curvature 5.8.8 [1])

Method of the nominal
curvature valid?

Yes, if following No, conditions
conditions are fulfilled: not fulfilled
[ | |
the effective length isolated members with A real second order
lo is defined *| a constant nomal force non-linear calculation
has to be performed
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Analysis of second order effects with axial load

——

Bi-axial bending

To decide if a bi-axial bending calculation is required or not, the following conditions

should be checked: (slenderness ratios & relative eccentricities)

/lyiz and A o)

Ax /1"" b Iy(. R
Iy

Criy ! beg 0.2 or €ri.:’ '&et} <

Cric’ keq € rd ! ! bgg oo i

If these conditions are NOT fulfilled — bi-axial bending calculation is required
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Analysis of second order effects with axial load

e, -]

Biaxial bending

Simplified criterion = Interaction formula

a
MEdz)a (MEdJ’)
—£dz) 4 <1
( Mra, Mray (5.39)
where:

Mg, is the design moment around the respective axis, including a
2nd order moment (if required)

Mgy, is the moment resistance in the respective direction
a is the exponent; for circular and elliptical cross sections: a = 2;
for rectangular cross sections:

Ned/Nrd 0,1 0,7 1,0
a= 1,0 1,5 2,0

with linear interpolation for intermediate values
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Analysis of second order effects with axial load

——

Column calculation in Scia Engineer

B[ Calculation Method ]
|Type of calculation method | Automatic determination [ hd
Automatic determination - Uni-axial b... [Uni-axial bending calculation (sum)

E Design reinforcement by using (... |Uni-axial bending calculation (max)
Area of reinforcement type Bi-axial bending calculation (interaction formula)

- o Automatic determination
Delta area ofreinforcement [mm™2]
Conditions 5.8.9(3) | Biaxial bending?
P 4 Conditions fulfilled
/; <2 and <2 according to art 5.8.9
T i |
) [ yes nojJ
Fray ' Bay g OF ZE:’ g 02 Ratio of biaxial Ratio of biaxial
I 2riy by moment is moment is
lesser than lesser than
[ Ratioof biaxialmoments | imt yale it yelve

s yeg no ve$ no
M M
111111(}. el }‘ bl ) 100 < 10% Uniaxial bending | | Uniaxial bending | | Uniaxial bending | | Biaxial bending
l]lﬂX(|;"lled‘y B F"f}m,z ) max sum (max)
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Bending with or without axial force

e

Application

Section 6 applies to undisturbed regions of beams, slabs and similar types of members

for which sections remain approximately plane before and after loading.

If plane sections do not remain plane — see EN § 6.5 (Design with strut and tie models)

Ultimate moment resistance My, (or M,) of reinforced concrete cross-sections

Assumptions when determining Mgy:

- plane sections remain plane

- strain in bonded reinforcement = strain in the surrounding concrete

- tensile strength of concrete is ignored

- stresses in concrete in compression — see design c—¢ diagrams (EN § 3.1.7)
- stresses in reinforcing steel — see design o—¢ diagrams (EN § 3.2.7)
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Bending with or without axial force

—t, =

Strain limits

» Reinforcing steel Tensile strain limit = ¢4 (where applicable)
= Concrete
- In sections mainly subjected to bending
Compressive strain limit = €, (or €.,3)

- In sections subjected to £ pure compression
(* concentric loading (e,/h < 0,1), e.g. compression flanges of box girders, columns, ...)

Pure compressive strain limit = €, (or €3)

For concentrically loaded cross-sections with symmetrical reinforcement, assume as
eccentricity &y = max [(e1 +ei);%;2omm] (Mgq is at least = e)Ngy)

where his the depth of the section
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Possible range of strain distributions (ULS)

(1- gl g)h
or
- (1- &slgoayh ™~ ——
C
h
- J&0 -
T T < T T &
Eud & 0 Ee2 Ecu2

(503) (EC.U'S)
- reinforcing steel tension strain limit

- concrete compression strain limit

- concrete pure compression strain limit
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General verification procedure

Definitions

Veg = design shear force resulting from external loading
Vree = design shear resistance of the member without shear reinforcement
Vres = design value of the shear force which can be sustained by the yielding shear

reinforcement

Veramax = design value of the maximum shear force which can be sustained by the

member, limited by crushing of the concrete compression struts
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Shear

General verification procedure
Definitions
In members with inclined chords the following additional values are defined:

Vg = design value of the shear component of the force in the compression area, in

the case of an inclined compression chord

Vig = design value of the shear component of the force in the tensile
_/'
reinforcement, in the case of an inclined tensile chord —
.///
=’/f‘k:::$\kw )
{% T Jthd
Shear resistance of a member with shear reinforcement: f H‘“‘*ERHK
Vea = Vras + Veed + Vi (6.1)
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Shear

General verification procedure

Overview
If Veg S VRye No shear reinforcement required (theoretically), but minimum shear
reinforcement should be provided for beams:
Pw.min = (0,08 Vi) /i (recommended value, 9.5N)
If Veg > VR Shear reinforcement should be provided in order that Vg4 < Vgy

In practice: Vgpys = Veg - Veeg - Vig
Check if Vgys (OF Vig) < W

Rd,max

(If Veg > VRamax » failure by crushing of concrete compression struts!)
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Shear force reduction at supports

For members subject to predominantly uniformly distributed loading, the design shear
force need not to be checked at a distance less than d from the face of the support.
Any shear reinforcement required should continue to the support.

... in Scia Engineer

MNon-prestressed reinforcement E Beams
Durahility and concrete cover Calculate compression reinforcement  |E yes
= Calculation Include normal force to calculation B yes
SEE?;?L Check compression of member O no
Beams | NEd < x*Ac*fed. x=[-]
90 structures i Moment reduction at supports O no
= ULS [Shearforce reduction at suppors H yes
General E Reduce shear force
Punching |Reduceshearhrce ‘ In the face (suppor/column) -
Interaction diagram 2D struclures In the face (support/column)
= ShE:aﬁr . uLs In the face (supportf/column)+ effective height of the belam
. VEd :.__VE{I
H ‘...‘

2 options: Fﬂ]‘n\
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Shear

Veq S Vry .- Members not requiring design shear reinforcement

Design value for the shear resistance Vp,

Vrae = [Crac Kk (100 p; £)"? + Kk, Gl by d (6.2a)
with a minimum of Vi, . = (Viyin + K1 0¢) by, @ (6.2b)
where:

k=1 +(200/d) < 2,0 with din [mm]
p=Ay/ b,d = 0,02 is the longitudinal reinforcement ratio

A, is the area of the tensile reinforcement, which extends = (44 + d)
beyond the section considered

b,, is the smallest width of the cross-section in the tensile area [mm]
Ocp = Neg/A; < 0,2 fiy [MPa] with Ngy > 0 for compression

Croc=0,181/7, (recommended value)
Vimin = 0,035 K32 f, 172 (recommended value, 6.3N)
k,=0,15 (recommended value)
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Shear

Veq S Vra - Members not requiring design shear reinforcement
Vg4 should always satisfy the condition
Veg 0,5 b, dviy (6.5)
where:
vis a strength reduction factor for concrete cracked in shear
v=0,6[1-(f,/250)] (recommended value, 6.6N)
with f, in [MPa]
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Shear

Ve > VRa ot Members requiring design shear reinforcement

The design of members with shear reinforcement is based on a truss model

’/ / - Fy V(cot &- cota)
| —

} : —
A : oz N M
dl ;l z=09d
v oz Vv

AN

@. — | F

- compression chord, - struts, - tensile chord, [D] - shear reinforcement

o = angle between the shear reinforcement and the beam axis
6 = angle between the concrete compression strut and the beam axis
1 < cotf < 2,5 (recommended limits, 6.7N)
F4 = design value of the tensile force in the longitudinal reinforcement
F.q = design value of the concrete compression force
z =the inner lever arm; the approximate value z = 0,9 d may normally be used
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Veg4 > VRa ot Members requiring design shear reinforcement

by,

by,

b,, = minimum width between tension and compression chords
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Ve > VRa ot Members requiring design shear reinforcement
a = 90° (vertical shear reinforcement)

VRq is the smaller value of:

VRd,S = (ASW/S) Z nyd COte

and VRdmax = %w by Z V4 4/ (COtO + tane)

where:

A, is the cross-sectional area of the shear reinforcement
s is the spacing of the stirrups

f.wa is the design yield strength of the shear reinforcement
v, is a strength reduction factor for concrete cracked in shear

., is a coefficient taking account of the state of the stress in the
compression chord
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Shear

Veg4 > VRa ot Members requiring design shear reinforcement

a = 90° (vertical shear reinforcement)

Vi=V (recommended value, 6.6N)
If 6,,4 < 0,80 f,,,, V4 may be taken as:
v,=0,6 for f, < 60 MPa (6.10.aN)
v,=0,9-f, /200 > 0,5 for f,, = 60 MPa (6.10.bN)

If this Expression (6.10) is used, the value of f,,,4 should be reduced to 0,80 f,,,
in Expression (6.8).

o, =1 for non-prestressed structures (recommended value)

A for 8 = 45° (cotd = 1 and tan® = 1), and Vg, = VRgmax

Sw,max?

Aswmax!S = 0,5 0y, by, Vi g/ fig (6.12)
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Shear

Ve > VRa ot Members requiring design shear reinforcement
a < 90° (inclined shear reinforcement)
VRq is the smaller value of:
Veas = (Asy/S) Z g (COtO + cotar) sina (6.13)

and VRdmax = %w by Z V4 4 (COtO + cotar) / (1 + cot?0) (6.14)

Agy maxs for 8 =45° (cotd = 1), and Vg s = Vg max

Aswmax/s = (0,5 gy, by, Vi o) / (fg SiNQ) (6.15)
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Shear

Explanation for Vi, .. — Failure modes in case of shear

(1) Shear-bending failure

a l l b l 1 crushing of
croncrete
L A [ Sy g .,//fJH | ] H m“&_ 3
A —— — —
a) pattern of cracking in the SLS b) pattern of cracking in the ULS
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Shear

Explanation for Vg, .. — Failure modes in case of shear

(2) Shear-tension failure

a b
Jde é M’r
o l l fission crack l 1
X & | s .
.,;\\ 4 || Py . ] |-E§& £ i || -. J
&
a) pattern of cracking in the SLS b) pattern of cracking in the ULS

— Adding enough shear reinforcement (in the form of verical stirrups) prevents shear-

bending and shear-tension failure.
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Shear

Explanation for Vi, .. — Failure modes in case of shear

(3) Shear-compression failure

a l b concrete l l
| strut failure
Y ' ¥
L 7 I L "Jﬂﬁ;é; ! L Nl
&
a) pattern of cracking in the SLS b) pattern of cracking in the ULS

— Imposing a maximum value Vgq4 nax t0 the shear force Vg4 prevents sudden failure of

the concrete compression strut before yielding of the shear reinforcement.
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Shear

Variable strut inclination method
The strut inclination 8 may be chosen between two limit values

1 < cotb < 25 or 21,8° <6< 45° (recommended limits, 6.7N)

1) Web uncracked in shear
2) Inclined cracks appear
4 3) Stabilization of inclined cracks

4) Yielding of stirrups — further rotations and new cracks
under lower angle — finally failure by web crushing
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Variable strut inclination method

)
outline of measured area
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Variable strut inclination method
Advantages of this method:

Large freedom of design because of the large interval for 6

By making a good choice for the inclination of the struts, optimal design can be
achieved:

- Larger angle 6 — higher value of Vgy . (Saving on concrete)

- Smaller angle 8 — larger stirrup spacing is sufficient = smaller value of A,

(saving on steel)
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Shear

Variable strut inclination method
General procedure — which can be used in Scia Engineer:

- Assume 8 = 21,8° (cot 8 = 2,5) and calculate A,

- Check if Vg > Vg max:  1FNO — OK, end of design

If YES  — crushing of the concrete strut

- 3 options if Vg4 nax iS €xceeded:
- increase height of beam
- choose higher concrete class

- increase 6, or calculate 8 for which Vgy = Vg4

and repeat the procedure
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Shear

Variable strut inclination method

User input of angle 6 (or cotangent 8) in Scia Engineer

B Shear
= 1D structures
B Shear coefficients
Distance with full resistance from outside stirrup (multiple ... | 0.50

Bl Angle between the concrete compression struta...
Type ofinputtheta Angle v

E Web Angle
theta [deg] Cotangent
cot (theta)

B Compression flange
theta [deg] 40,00
cot (theta)

B Tension flange
theta [deg] 40,00
cot (theta)
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Shear

Additional tensile force in the longitudinal reinforcement ... caused by shear
2 approaches
(1) EN Section 6:
— For members with shear reinforcement

Calculation of the additional tensile force, AF,,, in the longitudinal reinforcement due

to shear Vgq:

AF,=0,5 Vg, (cotb - cota) (6.18)

(Mey/2) + ARy < Mgy mad2, Where Mgy .y is the maximum moment along the beam
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Shear

Additional tensile force in the longitudinal reinforcement ... caused by shear
(2) EN Section 9:
— For members without shear reinforcement

AF4 may be estimated by shifting the moment curve (in the region cracked in

flexure) a distance g, = d in the unfavourable direction .

— For members with shear reinforcement
This "shift rule" may also be used as an alternative to approach (1), where:

a =z (cotB - cota) / 2 (9.2)
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Shear

foa :
!

\ )
[hd

ARy
e }.L
o Md

- Envelope of Mgy/z + Ngg - acting tensile force F; - resisting tensile force Frg

The curtailment of longitudinal reinforcement, taking into account the effect of inclined
cracks and the resistance of reinforcement bars within their anchorage lengths.

(As a conservative simplification the contribution of the anchorage may be ignored.)
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Shear

N — = —

a) reinforced concrete beam b) cracked beam with compression struts, after loading
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Explanation for the additional tensile force

F &
compression zone (concrete)
I | Lk it e

[, X ) i
c i ¥ i 1 o
: : ¢ H : !

strirrups {tension)

k>

T D

concrete strut {compression) tension zone {reinforcement) |
F
F ol
|
4 0 F___-OF __3F ¥ -4F -4Fl 3F  _2F  -F 0
\‘H'a \1»- '1“ \Fu | T %! A . l.l
A A A AR o | Xu| | Xi| X0
|/ F|/ F F 0 0 0 E FON|F

! SER— \ S {
AGF  t3F +3F +4F +F +AF +iF {3F 12F
F r

c) truss analogy (6 = 45°) d) internal forces in the members of the truss
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Explanation for the additional tensile force
= Beam model i

VAN ) PN N=M/z
— | o
z -l —z H assumez =1
= Truss model 2
N | | W | L
~ g - e o ~ i .
I ‘ PAS Conclusion:
~_ — ] Design of reinforcement
| | | | | according to beam model is
PR 1 1 1 1 1
L ‘ s 1 unsafe — shift of M-line
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Torsion

General

The torsional resistance of a section may be calculated on the basis of a thin-walled

closed section, in which equilibrium is satisfied by a closed shear flow.

= Solid section — equivalent thin-walled section
= Complex shape (e.g. T-sections) — series of equivalent thin-walled section, where
the total torsional resistance = sum of the capacities of the individual elements

= Non-solid sections — equivalent wall thickness < actual wall thickness
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Torsion

Design procedure
Definitions
The shear stress in a wall / of a section subject to a pure torsional moment:

Tt,i tef,i = TEd/ 2Ak (626)

The shear force Vg, in a wall i due to torsion is given by:

Veg,i = Ty ter, Z (6.27)
where

Teq is the applied design torsion

T,; is the torsional shear stress in wall /
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Torsion

A, is the area enclosed by the centre-lines of the connecting walls,
including inner hollow areas

tyr,; is the effective wall thickness, which may be taken as A/u

Ais the total area of the cross-section within the outer
circumference, including inner hollow areas

u is the outer circumference of the cross-section
zis the side length of wall /

- centre-line

- outer edge of effective cross-
section, circumference v,

- cover
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Torsion

Longitudinal reinforcement for torsion A
LAy = (Tgq cOtO Uy) / (2 Acfyg) (6.28)

where:

uy is the perimeter of the area A,
f,4 is the design yield stress of the longitudinal reinforcement A

0 is the angle of compression struts

In compressive chords: The longitudinal reinf. may be reduced in proportion to the
available compressive force.

In tensile chords: The longitudinal reinf. for torsion should be added to the
other reinforcement. It should be distributed over the
length of side, z, but for smaller sections it may be
concentrated at the ends of this length.
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Transverse reinforcement for torsion (and shear)

The effects of torsion (T) and shear (S) may be superimposed, assuming the same

value for the strut inclination 6. Limits for 8 are given in (6.7N).

This means Vgy = Vig (S) + Vgg (T)

In practice:  Vgg= Vgqs = (As/S) Z f,yq COt B (6.8)
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Specific conditions to be checked: Shear — Torsion interaction diagrams

1st Condition

In order not to exceed the bearing capacity of the concrete struts for a member subjected

to torsion and shear, the following condition should be satisfied:

(Teq/ Tramax) + (Vea/ Veamax) = 1 (6.29)
where:
Te4 is the design torsional moment & V¢, is the design transverse force
Tra.max i the design torsional resistance moment
TRa.max= 2 V Oy foq Ay ter; SINOG COSO (6.30)
where v follows from (6.6N) and a, from (6.9)

Vramax IS the maximum design shear resistance according to (6.9) or
(6.14). In solid cross-sections the full width of the web may be used to
determine Viy max-

103




LEERETEELEnnd
NEMETSCHEK

Scia

Section 6 Ultimate limit states (ULS)

Torsion

Specific conditions to be checked: Shear — Torsion interaction diagrams

2nd Condition

For approximately rectangular solid sections, only minimum reinforcement is required if
the following condition is satisfied:
(EﬂTmJ+Nm/Wm)S1 (6.31)

where :

TRy, is the torsional cracking moment, which may be determined by
Settlng Tt,i = fCtd

VRq, follows from (6.2)

Minimum transverse reinforcement — see p,, min (9.5N)
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Torsion

Torsion in Scia Engineer

Not taken into account by default !

B Calculation

B General
Mumber of iteration steps 100
Precision of iteration [%] 1
Limit value for checks [-] 1.00
User defined and end sections only 00 no
Concrete area weakened by reinforcement bars O no

Concrete area weakened by prestressed reinforcement O no
For design calculations of 1D members, consider longitud... B yes
|Checktorsion H yes |
Check shear of construction joint O no
Calculation of additional force caused by shear and torsion | Method according to 9.2.‘].Ej

I Torsion reinforcement is only calculated for the walls i/ // local z axis of the beam !
For A: all of the required reinf. is distributed over the walls i // local z axis

For A,,: only the required reinf. for V,(T) is caluculated, not the one for V,(T)
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Punching

General
= Punching = ‘extension’ of the shear principles

» Punching shear results from a concentrated load or reaction, acting on a small area

Apaq (the loaded area of a slab or a foundation)

= Verification model for checking punching failure at the ULS, based on control

perimeters where checks will be performed.

106

NEMETSCHEK

RRRRARRRNAN
”lScia

Section 6 Ultimate limit states (ULS)
Punching

g g\ . dl h]

= arctan (1/2) - ek
= 26,6° - basic control
' c section

a) Section

- basic control area Acont
- basic control perimeter, u;
[D] - loaded area Ajcad

reont further control perimeter
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Punching

Basic control perimeter u,

Normally taken at a distance 2d from the loaded area:

The effective depth d. of the slab is assumed constant:
deff = (dy + dz) /2 (632)

where d, and d, are the effective depths of the reinf. in 2 orthogonal directions

In case the concentrated force is opposed by a high pressure (e.g. soil pressure on a
column base), control perimeters at a distance less than 2d should be considered.
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Punching

Basic control perimeter u,

In case of a loaded area near an opening:

h>1h

V(h.l2)

- opening

If the shortest distance between the perimeter of the loaded area and the edge of the
opening < 6d, the part of the control perimeter contained between two tangents is

considered ineffective.
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Basic control perimeter u,

In case of a loaded area near an edge or corner:

- — -

rd T
N N / =
I
|
|

. 2 . 2d ' S

If the distance to the edge or corner is smaller than d, special edge reinforcement
should always be provided, see EN § 9.3.1.4.

Further perimeters y;

Further perimeters u; should have the same shape as the basic control perimeter u,.
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Design procedure

Based on checks at the face of the column and at the basic control perimeter u;.

If shear reinforcement is required, a further perimeter u,, .« should be found where
shear reinforcement is no longer required.

Definition of design shear resistances [MPa]

Vric= design value of the punching shear resistance of a slab without punching

shear reinforcement along the control section considered

Vracs = design value of the punching shear resistance of a slab with punching shear

reinforcement along the control section considered

Vramax = design value of the maximum punching shear resistance along the control
section considered

111




L
Section 6 Ultimate limit states (ULS) ”lgg;"ETSCHEK

Punching

Design procedure
Checks to be performed
- Check at the face of the column, or at the perimeter of the loaded area (perimeter u,):

VEdo = VRdmax

with vy, the design shear stress at the column perimeter u,

- Check at the basic control perimeter uj:
If Vgg < Vgge: Punching shear reinforcement is not required
If vgg > Vgqgc: Punching shear reinforcement has to be provided acc. to (6.52)

with vg4 the design shear stress at the basic control perimeter u,
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Punching

Design procedure
Remark: Where the support reaction is eccentric with regard to the control perimeter,
the maximum shear stress should be taken as:
vEd = B VEd / U,d (638)

where:
B can be calculated with the formulas in EN § 6.4.3(3)-(4)-(5)

Often, approximate values for 3 may be used:

(recommended values for internal (A), :

edge (B) and corner(C) columns) ; frla L =18
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Punching

Design procedure
Remark: In case of a foundation slab, the punching shear force Vg4 may be reduced
due to the favourable action of the soil pressure.

where:
Vg4 is the applied shear force

AVg, is the net upward force within the control perimeter considered,
i.e. upward pressure from soil minus self weight of base

Vea= Vegrea/ U d (6.49)

Remember: Consider control perimeters within 2d from the periphery of the column.
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Punching

Veq S VRy: NO punching shear reinforcement required

Design punching shear resistance of a slab without shear reinforcement vp, .

Vrae = CracK (100 p; fy) ™ + Ky 05y 2 (Viyin + Ky Ogp) (6.47)
where:
CRroc=0,18/1, (recommended value)
Vpmin = 0,035 K32 f, 172 (recommended value, 6.3N)
k;=0,1 (recommended value)

— Analogy with (6.2a) and (6.2b)
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Punching

Veq > Vryc: Punching shear reinforcement required
Design punching shear resistance of a slab with shear reinforcement vg, .

VRaes = 0,75 Vgye + 1,5 (d's)) Agy, fvwd’ef (1/(u,@)) sino (6.52)
where:

A, is the area of one perimeter of shear reinforcement around the
column [mm?]

s, is the radial spacing of perimeters of shear reinforcement [mm]
fwa.er 1S the effective design strength of the punching shear
reinforcement, 4= 250 + 0,25 d < f,4 [MPa]

dis the mean of the effective depths in the orthogonal directions [mm]

o is the angle between the shear reinforcement and the plane of the
slab

— Analogy with (6.13)
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Punching

Veq > VRy: Punching shear reinforcement required
Design punching shear resistance of a slab with shear reinforcement vg, .

VRd,es = 0,75 Vgy e + 1,5 (dIs)) Agy fger (1/(U10)) sina (6.52)

Explanation of the formula:
VRaes = 0,75 VRyc+ VRys

- The contribution of the steel comes from the shear reinforcement at 1,5 d from the
loaded area.

- The contribution of the concrete is 75% of the resistance of a slab without punching
shear reinforcement.
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Punching

Veq > Vryc: Punching shear reinforcement required

Design maximum punching shear resistance vpg ,ax

Veg =B Veq/ Ugd = Vigmax (6.53)
VRamax = 0,5V foy (recommended value)
where

U, for an interior column u, = length of column periphery [mm]
for an edge column  u,=c¢, + 3d< ¢, + 2¢, [mm]
for a corner column  u,=3d<c; + ¢, [mm]

¢y, C, are the column dimensions

v see (6.6)

B see EN § 6.4.3(3)-(4)-(5)-(6)
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Veq > VRy: Punching shear reinforcement required
Control perimeter at which shear reinforcement is no longer required, Ug,; OF Ugy of

Ugutef = BVeq/ (Vrac ) (6.54)

The outermost perimeter of shear reinforcement should be placed at a distance < k d

WIthin Ug,; OF Ugy e k=15 (recommended value)
Bl
4'-/ ~ 4 >2d
o 4 e 298
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General

Common serviceability limit states

= Stress limitation
= Crack control

= Deflection control

Other limit states, like vibration, are not covered in this Standard.
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Stress limitation

Limitation of the compressive stress in the concrete
under the characteristic combination of loads

... to avoid longitudinal cracks, micro-cracks or high levels of creep, where they could

result in unacceptable effects on the function of the structure

e.g. Toavoid longitudinal cracks, which may lead to a reduction of durability:
Limitation of the compressive stress to a value k;f,,
in areas exposed to environments of exposure classes XD, XF and X
where k,=0,6 (recommended value)

Other (equivalent) measures:
- an increase in the cover to reinforcement in the compressive zone
- confinement by transverse reinforcement
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Stress limitation

Limitation of the compressive stress in the concrete
under the quasi-permanent combination of loads

... to avoid non-linear creep

If o, < kfy linear creep may be assumed

If o, > Kyfy non-linear creep should be considered

where k, = 0,45 (recommended value)
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Stress limitation

Limitation of the tensile stress in the reinforcement
under the characteristic combination of loads

... to avoid inelastic strain, unacceptable cracking or deformation

e.g. To avoid unacceptable cracking or deformation:
Limitation of the tensile stress to a value kgf,
where k;=0,8 (recommended value)

e.g. In case of an imposed deformation:
Limitation of the tensile stress to a value k,f,

where ky=1 (recommended value)
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Crack control

Principle

Cracking of an axially loaded reinforced concrete column

a. N, and N; in relation to the
pattern of cracks

b R f b. Pattern of cracks in case of
I E i 2 | one large reinforcement bar

c T S 1] ( g 5 c. Pattern of cracks in case of
‘ ; ) ? { four small reinforcement bars
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Crack control

Limitation of cracking
under the quasi-permanent combination of loads

... to guarantee the proper functioning and durability of the structure, and acceptable

appearance

= Cracking is normal in reinforced concrete structures!

= Cracks may be permitted to form without any attempt to control their width, provided

that they do not impair the functioning of the structure.
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Crack control

Max. crack width w,,,,

Winax = (recommended values, EN Table 7.1N)
Exposure Reinforced members and prestressed Prestressed members with
Class members with unbonded tendons bonded tendons
Quasi-permanent load combination Frequent load combination
X0, XC1 0,4' 0,2
XC2, XC3, XC4 0,2°
XD1, XD2, XS1 03
XS2: XSS‘ ' Decompression
Note 1: For X0, XC1 exposure classes, crack width has no influence on durability and this limit
is set to guarantee acceptable appearance. In the absence of appearance conditions
this limit may be relaxed.
Note 2: For these exposure classes, in addition, decompression should be checked under the
quasi-permanent combination of loads.

... taking into account the proposed function and nature of the structure

and the costs of limiting cracking
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Crack control

Minimum reinforcement areas

= A minimum amount of bonded reinforcement is required to control cracking in areas

where tension is expected.

*= The amount may be estimated from equilibrium between the tensile force in concrete

just before cracking and the tensile force in reinforcement at yielding.

(or at a lower stress if necessary to limit the crack width)
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Crack control

Min. reinforcement area A, ,,;, (within the tensile zone)

As,min = (kc k fct,eff Act) / G (7-1)
where:

A is the area of concrete within the tensile zone, just before the
formation of the first crack

o, is the maximum stress permitted in the reinforcement immediately
after formation of the crack: o = £, unless a lower value is needed
to satisfy the crack width limits according to the maximum bar size or
spacing (see further)

firert = fum OF (fym (1)) if cracking is expected earlier than 28 days
k = 1,0 for webs with h < 300 mm or flanges with widths <300 mm
= 0,65 for webs with h < 800 mm or flanges with widths > 800 mm

k. is a coefficient which takes account of the stress distribution within
the section immediately prior to cracking and of the change of the
lever arm
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Crack control

Two alternative methods for limitation of cracking:
= Calculation of crack widths,

to check if w, < w,,,,

= Control of cracking without direct calculation,

but by restricting the bar diameter or spacing (simplified method)
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Crack control

Control of cracking without direct calculation

Where A i, is provided, and for cracks caused mainly by loading, crack widths are

unlikely to be excessive if:

either the bar diameters (EN Table 7.2N) or the bar spacing (EN Table 7.3N) are not

exceeded.

- The steel stress should be calculated on the basis of a cracked section under the

relevant combination of actions.

- The values in the tables are based on the following assumptions: ¢ = 25mm; f, . =
2,9MPa; h,, = 0,5; (h-d) = 0,1h; k; = 0,8; k, = 0,5; k, = 0,4,k =1,0; k,=0,4and k’ = 1,0
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Crack control

Control of cracking without direct calculation

Steel stress” Maximum bar size [mm] EN Table 7.2N
[MPa] wi= 0,4 mm wi= 0,3 mm wi= 0,2 mm . .
160 70 35 55 Maximum bar diameters
200 32 25 16 ¢’ for crack control
240 20 16 12
280 16 12 8
320 12 10 6
360 10 8 5
400 8 6 4
450 6 5 -
Steel stress” Maximum bar spacing [mm] EN Table 7.3N
[MPa]) wik=0,4 mm wi=0,3 mm wx=0,2 mm . .
160 300 300 200 Maximum bar spacing
200 300 250 150 for crack control
240 250 200 100
280 200 150 50
320 150 100 -
360 100 50
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Crack control

Calculation of crack widths w;

Wk = St max (ssm - £cm) (7.8)
where
S; max IS the maximum crack spacing

€m IS the mean strain in the reinforcement under the relevant
combination of loads, including the effect of imposed deformations
and taking into account the effects of tension stiffening.

€.m IS the mean strain in the concrete between cracks

For the formulas for (g, —€.,,) and s, ., , Se€ EN§ 7.3.4
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Deflection control

Principle
M, = moment of 1st cracking
M, = yielding moment (steel)

Mgy = moment of resistance (failure of
concrete under compression)

zone 0-1: no cracks

= M

zone 1-2: cracks arise and widen

zone 2-4: cracks become visibly wide
(control mechanism to failure)

detail A

| "-""uncracke(l
v 4 . aam —

| 1
v v
A A
El cracked / ’

D)
N
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Deflection control

Limitation of deflection
under the quasi-permanent combination of loads

... to avoid adversely affection of the proper functioning or appearance

Limitation of the calculated sag of a beam, slab or cantilever:
1/250 * span

Limitation of deflections that could damage adjacent parts of the structure:

1/500 * span (deflection after construction)
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Deflection control

Two alternative methods for limitation of deflection:
= Calculation of deflection,

to check if the calculated value < the limit value

= Control of deflection without direct calculation,

but by limiting the span/depth ratio
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Checking deflections by calculation
= Consideration of 2 conditions

(I) uncracked condition

(I1) fully cracked condition

Members which are expected to crack, but may not be fully cracked, will behave in a

manner intermediate between the uncracked and fully cracked conditions.
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Section 7 Serviceability limit states (SLS)

Deflection control

Checking deflections by calculation
= A prediction of behaviour (for members subjected mainly to flexure) is given by:

a=¢a,+(1-0)q, (7.18)
where:

a is the deformation parameter considered, e.g. a strain, a curvature,
a rotation, or — as a simplification — a deflection

a,, a, are the values for the uncracked and fully cracked conditions

C is a distribution coefficient (allowing for tensioning stiffening at a
section)
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Section 7 Serviceability limit states (SLS)

Deflection control

Checking deflections by calculation
(=1-(0o4/0)? (7.19)
¢ = 0 for uncracked sections

B is a coefficient taking account of the influence of the duration of the loading
B = 1,0 for a single short-term loading
B = 0,5 for sustained loads or many cycles of repeated loading

o, is the stress in the tension reinforcement calculated on the basis of a
cracked section

o, is the stress in the tension reinforcement calculated on the basis of a
cracked section under the loading conditions causing first cracking

Note: o,/o, may be replaced by M_/M for flexure or N_/N for pure tension,
where M, is the cracking moment and N, is the cracking force.
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Section 7 Serviceability limit states (SLS)

Deflection control

Checking deflections by calculation
= Taking account of creep

For loads with a duration causing creep, the total deformation including creep may be
calculated by using an effective modulus of elasticity for concrete:
Ec,eff= Ecm/ [1 + (p(°°7t0)] (7-20)

where:
@(=,t,) is the creep coefficient
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Section 7 Serviceability limit states (SLS)

Deflection control

Checking deflections by calculation
= Most rigorous method of assessing deflections:
Compute the curvatures at frequent sections along the member

& calculate the deflection by numerical integration

Do this twice,
1st time: assuming the whole member to be uncracked (Condition 1)
27 time: assuming the member to be fully cracked (Condition 11)

then interpolate usinga =C a; + (1 - {) q,
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Deflection control

Deflection control in Scia Engineer = Code Dependent Deflection (CDD) calculation

Using |a=Ca,+ (1-7)aq, with deformation parameter a = reverse stiffness 1/El

Per finite mesh element, an equivalent stiffness (El), is calculated:

(EI) — 1 (€ = 0 for uncracked sections)
T

(El), : short term stiffness (uncracked condition)
E=E. | = based on total concrete css + reinf. area

(El), : long term stiffness (fully cracked condition)
E=E e | = based on concrete css under compression + reinf. area
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Deflection control

Deflection control in Scia Engineer = Code Dependent Deflection (CDD) calculation

The transition from the uncracked state (I) to the cracked state (II) does not occur
abruptly, but gradually. From the appearance of the first crack, realistically, a parabolic

curve can be followed which approaches the line for the cracked state ().

LOAD §

.f o
APPEARANCE ] gt
UF 18T CRACK ‘; / Sk AR
L
FURHAT[DN/
OF CRACKS
s >
L~ |
- = B, [

RELATIVE DEFORMATION
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Deflection control

Deflection control in Scia Engineer = Code Dependent Deflection (CDD) calculation
User input in Scia Engineer
- The type of reinforcement for which the CDD calculation will be performed

= 5L B Code Dependent Deflections
General B Code Dependent Deflections (CDD)
Frestressing B Limit displacement
g:ifpruuf Max. total displacement of 1D member Lix x= [-] 250,00
(Cads Dependent Deflecions) Max. a_ddltlonal dlsplac_ement of 10 r['lember L/x; .../ 500,00
& Allowable stress B |Duration of the loading - coefficient Beta
Stress limitation during tensioning Single shortterm loading [] 1.00
SLS stress limitation Sustained loads [] 0.50
Calculation Generate output text file O no
= Detailing provisions [Type of reinforcement for CDD In order [ As. user] [ As.designed] =]

- The parameters for calculation of the creep coefficient (acc. to EN Annex B1)

=-5L3 | 3 Creep
eneral 1 B Creep for concrete - Code dependent deflections (CDD)
Crack proof Creep coefficient [-]
Code Dependent Deflections Calculate creep couefﬁment E yes
= Detalling provisions Relative humidity [%] [-] 50,00
Colurnns Age atloading [day] 28
Bearns Age at concrete [day] 1825
AP b el Aldae [ ——
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Section 7 Serviceability limit states (SLS)

Deflection control

Deflection control in Scia Engineer = Code Dependent Deflection (CDD) calculation

[ Concrete combinations X Concrete combinations
A LBEE 9 & npu -
[<s] ) Name =S .
2 B Contents of combination CC1 (Immediate effect)
cc3 LC1 - Selfweight[] 1.00
LC2 - Permanentload [] 1.00
(luse to determine p Code Dependent Defl (CDD) =] 1 ,00 SW + 1 ,00 PI—
A s & Be| 2 & Input -
cC1 Name Jccz
CCc2 B Contents of combination
G L1 - Selfosight ] — CC2 (Creep effect)
LC2 - Permanentload [] 1.00

LC3 - Variable load [] 0.30 1’00 SW + 1,00 PL + 0,30 VL

(use to determine Code Dependent Deflections (COD) caused by creep B

New Delete Close
A 2 BB = & Input -
cc1 Name Jccs
cc2 B Contents of combination
LC1 - Selfweight [] 100

LC2 - Permanentload [] 1.00 CCS (TOtaI effeCt)

LC3 - Variable load [-] 1.00

1,00 SW + 1,00 PL + 1,00 VL

New Delete Close

145




L
Section 7 Serviceability limit states (SLS) ”lg‘(ﬁg"““““

Deflection control

Deflection control in Scia Engineer = Code Dependent Deflection (CDD) calculation

3 Concrete combinations ~ Mk diagram used by NEN (Dutch code)

M, /_ Short term stiffness

Mt j‘r Long term stiffness
Kot / »

Mreo o W ; e L cc3

; |
Maan Kmom Kkr }gaar:ble cc2
M / 50% of the
X, momentaneous
Mq = i —= variable load _IP """""""" CcC1

My 1
|

X —»

permanent
load

T T
X Kt Xe X
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Section 7 Serviceability limit states (SLS)

Deflection control

CDD versus PNL calculation in Scia Engineer
= CDD (Code Dependent Deflection) calculation
- The formulas take into account the influence of cracks and creep

- Quasi non-linear calculation: El is calculated according to approximate formulas

- Code dependent

= PNL (Physical Non Linear) calculation

- Takes into account the non-linear behaviour of materials, the influence of cracks and
creep

- Real non-linear calculation: El is calculated iteratively

- Code independent
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Section 8 Detailing of reinforcement - General

Spacing of bars

Min. bar spacing s,
The minimum clear distance (horizontal and vertical) between parallel bars should be
Smin = Max { k¢ ; (dy + kK, mm) ; 20 mm }
where:
d, is the maximum aggregate size

ki=1mm (recommended value)
ko =5mm (recommended value)

... such that the concrete can be placed and compacted satisfactorily (by vibrators) for

the development of adequate bond
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Permissible mandrel diameters for bent bars

e ——e . - -

Min. mandrel diameter ¢,, .,

Ormymin = (recommended values, EN Table 8.1N)

a) for bars and wire

Minimum mandrel diameter for
Bar diameter bends, hooks and loops (see Figure 8.1)
$< 16 mm 4¢
¢=> 16 mm T¢

b) for welded bent reinforcement and mesh bent after welding
Minimum mandrel diameter

Co ol Wy ol

d=3¢ 54
5S¢ d =< 3¢ or welding within the curved zone:
204

Note: The mandrel size for welding within the curved zone may be reduced to 5¢
where the welding is carried out in accordance with prEN 1SO 17660 Annex B

... to avoid bending cracks in the bar, and to avoid failure of the concrete inside the
bend of the bar
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Section 8 Detailing of reinforcement - General

Anchorage of longitudinal reinforcement

e, -]

Methods of anchorage

90°< o < 150°

a) Basic tension anchorage length, Iy, b) Equivalent anchorage length for
for any shape measured along the standard bend
centreline
>5¢
- ¢ 20.6¢ >5¢
2150 7 o 20
Ip.e 4. Ibe lb.2q
c) Equivalent anchorage d) Equivalent anchorage e) Equivalent anchorage

length for standard hook length for standard loop length for welded
transverse bar

... to ensure that the bond forces are safely transmitted to the concrete, avoiding

longitudinal cracking or spalling
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Anchorage of longitudinal reinforcement

e

Ultimate bond stress
Design value of ultimate bond stress f,4

foa = 2,25 11 71 fig (8.2)
where:

fC
n, is a coefficient related to the quality of the bond condition and the
position of the bar during concreting:

ny=1,0 (‘good’ conditions)

«q IS the design value of concrete tensile strength

n,=0,7 (all other cases)

1, is related to the bar diameter:
n,=1,0 for $ <32 mm
n,= (132 - ¢)/100 for ¢ > 32 mm

The ultimate bond strength shall be sufficient to prevent bond failure.
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Anchorage of longitudinal reinforcement

——n "

Ultimate bond stress

Description of bond conditions

(]
'

= @@T

a) 45°< a<90° ¢) h>250 mm Direction of concreting
@ 300 -t

[ “

b) h <250 mm d) h > 600 mm

a) & b) ‘good’ bond conditions c¢) & d) unhatched zone - ‘good’ bond conditions
for all bars hatched zone — ‘poor’ hond conditions
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Anchorage of longitudinal reinforcement

i, -

Basic anchorage length

Basic required anchorage length k, 4

lb,rqd =(0/4) (6s4/ h) (8.3)

... for anchoring the force A 6.4 in a straight bar, assuming constant bond stress 14
and where o is the design stress of the bar at the position from where the anchorage

is measured from
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Section 8 Detailing of reinforcement - General

Anchorage of longitudinal reinforcement

—— -

Design anchorage length
Min. anchorage length k, .,
b minz Max { 0,34 4q; 106 ; 100 mm } (anchorages in tension) (8.6)

by min 2 Max { 0,64, 44 106 ; 100 mm } (anchorages in compression) (8.7)

Design anchorage length /4
bg=04 0 050 O g 2 hmin (8.4)
where
o, .04 ,05,04 and o are coefficients given in EN Table 8.2,

depending on shape of bar, concrete cover, type of confinement

155




LEERETEELEnnd
NEMETSCHEK

Section 8 Detailing of reinforcement - General Scia

Anchorage of links and shear reinforcement

——

Methods of anchorage
- by means of bends and hooks, or by welded transverse reinforcement

- a bar should be provided inside each hook or bend

5¢, but 104, but
2 50 mm =70 mm
N =
¢ ¢
a) b)
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Section 8 Detailing of reinforcement - General

Anchorage of reinforcement

—— -

Anchorage types in Scia Engineer

= Longitudinal reinforcement Stirrup reinforcement
Anchorage of stirups {Anchorage of longitidinal ieiforcement | {Bnchorage of siiips \ Anchorage of longitudinal reirforcement |
Closed Open
AL
u“ @ L2 h2 ® L @
h
= IE, R
v-fz 4 u=s 4
L2:’5— d L= 10 d L= |20 d
L?I u 13=[10 d
- (o) q_°
L2-[20 d . —0
mee (k] N .
B © oJfE ® . L2- ia 4
= =0 [ ©
L =10 d 1= d LZI
1210 4 12-5 4 - | o
bt =[50 13-[10 d = d
k=30 L L2= |5 d
@—I L3= |10 d
hz = |30
| —E] AL
JE @ g, @ W
Lz=10 d 2= 10 d bﬁq |32
L3=|10 d 3= d
h1=30 h1 =135
r2- [0 2= 1% = ¢
L2=|5 d
LZI\_ ®
h
Lz2=|20 d
k1 =135
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Bundled bars

Specifications
- unless stated otherwise, same rules as for individual bars apply

- all the bars in a bundle should have the same characteristics (type and grade) &
similar sizes: max. ratio of diameters = 1,7

- in design, the bundle is replaced by a notional bar having the same sectional area
and the same centre of gravity as the bundle + an equivalent diameter

Equivalent diameter ¢,

0, =0\, < 55mm (8.14)
where
n, is the number of bars in the bundle,
n, <4 (for vertical bars in compression & bars in a lapped joint)
n, <3 (for all other cases)
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Beams

Longitudinal reinforcement
Min. reinforcement area A,

Asmin= 0,26 (fy/fy) byd 20,0013 b, d (recommended value, 9.1N)
where:

b, is the mean width of the tension zone

fm according to EN Table 3.1

See also EN Section 7 for A ,;, to control cracking.

Max. reinforcement area A ,,,,, (outside lap locations)
Asmax = 0,04 A, (recommended value)
— Min. areas in order to prevent a brittle failure in the reinforcement steel;
Max. areas to prevent sudden failure of the concrete compression zone
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Section 9 Detailing of members & particular rules

Beams

Shear reinforcement
Stirrup angle a
a = between 45° and 90° to the longitudinal axis of the structural element
Min. shear reinforcement ratio

Pw = A/ (S b, SINA) 2 Py nin (9.4)
where:
A, is the area of shear reinforcement within length s

s is the spacing of the shear reinforcement along the longitudinal
axis of the member

b,, is the breadth of the web of the member

Pumin = (0,08 Vfe,) / f (recommended value, 9.5N)
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Beams

Shear reinforcement
Max. longitudinal spacing s, .«

Simax= 0,75d (1 + cot a) (recommended value, 9.6N)

Max. transverse spacing of the legs s, .«

Stmax = 0,75d < 600 mm (recommended value, 9.8N)
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Section 9 Detailing of members & particular rules

Beams

Torsion reinforcement

al) a2) | a3)

a) recommended shapes b) not recommended shape

Longitudinal spacing of the torsion links should not exceed
u/8
Simax= 0,75d (1 + cot a) (recommended value, 9.6N)
the lesser dimension of the beam cross-section

The longitudinal bars have to be distributed uniformly, with max. spacing of 350 mm.
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Solid slabs

Flexural reinforcement

Min. & max. reinforcement areas A, ,;;, & A nax

Same requirements as for beams (see EN § 9.2)

Max. SpaCi ng sm:«.lx,'s.labs

Smax.slabs = (recommended values)
- for the principal reinforcement:  3h < 400 mm
- for the secondary reinforcement: 3,5h < 450 mm
where his the total depth of the slab

In areas with concentrated loads or areas of maximum moment:

- for the principal reinforcement:  2h < 250 mm
- for the secondary reinforcement: 3h < 400 mm
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Solid slabs

Flexural reinforcement
Curtailment of longitudinal tension reinforcement
Same requirements as for beams (EN § 9.2):
- calculate additional tensile force, AF,y , or

- estimate AF,4 by shifting the moment curve a distance a, = d

One way slabs

Minimum secondary transverse reinforcement = 20% of the principal reinforcement
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Solid slabs

Shear reinforcement

Min. slab thickness

Minimum depth for a slab in which shear reinforcement is provided = 200 mm

Min. shear reinforcement ratio

Same requirements as for beams (see EN § 9.2)

Max. longitudinal spacing
Simax= 0,79d (1 + cot a) (9.9)

Max. transverse spacing
Simax= 1,5d
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Flat slabs

Punching shear reinforcement
Where punching shear reinforcement is required:
Min. area of a link leg (or equivalent) Ay, i,

Aswmin= 10,08 V(fy) - (s, s)1/ [f,, - (1,5 sina + cosa)] (9.11)
where :
a is the angle between the shear reinforcement and the main steel
s, is the spacing of shear links in the radial direction
s, is the spacing of shear links in the tangential direction

Min. number of perimeters of link legs

=2
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Flat slabs

Punching shear reinforcement
Distance between the face of the support and the first link leg perimeter
>20,3d and =0,5d

Max. radial spacing of the link leg perimeters s,

5,<0,75d
Max. tangential spacing around a perimeter s, Fenfrsmant 1 1o longér requlred M
_ " required: liou
s,<1,5d (within u,) A
>03d *" % ° & I )
34 -] @ e~ s .
< St i % % 9o of v\ < L5 d within 1y
S = 2d (between Uy & uout) F‘(J';(!TI‘ oT:(:Dioso . _/T/ﬁ"gzd between 11, & 1y,
5.<0.75 | - 5 |
L ’3 {74.'7 f} 'i-c ° # .Q o " ® o o o i '
% 1,5d

r e

168

LEERITIELEnnd
NEMETSCHEK

Scia

Section 9 Detailing of members & particular rules

Columns

Longitudinal reinforcement

Min. number of bars
At least one bar at each corner / Min. 4 bars for circular cross-sections

Min. diameter ¢, i,

O min = 8 Mm (recommended value)

Min. reinforcement area A ,;,
A =max { 0,10 Ng4 / f,4; 0,002 A, } (recommended value, 9.12N)

where:

s,min

Ngq is the design axial compression force

Max. reinforcement area A, ,,,
Asmax = 0,04 A, (outside lap locations) (recommended value)
A max = 0,08 A, (at lap locations)
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Columns

Transverse reinforcement

Min. diameter ¢, ,;n

¢t,min = max { 6 mm ;0,25 q)l,max applied }

Max. spacing along the column s, ;..

S¢ltmax (outside lapped joints) (recommended value)
= min { 20 ¢ min appliea ; the lesser column dimension ; 400 mm }

Seltmax (near lapped joints if ¢ may appliea > 14MmM
& in the vicinity of a beam or slab)

= 0,6 - min { 20 ¢ min appiiea ; the lesser column dimension ; 400 mm }
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Section 9 Detailing of members & particular rules

Walls

= The reinforcement design for walls may be derived from a strut-and-tie model.

= For walls subjected predominantly to out-of-plane bending the rules for slabs apply.

Vertical reinforcement

Min. reinforcement area A , i,
As ymin = 0,002 A, (recommended value)
Max. reinforcemente area A .«

Aqumax = 0,04 A, (outside lap locations) (recommended value)
Asvmax = 0,08 A, (at lap locations)

Max. bar spacing s, .«

Sumax = Min { 3 - wall thickness ; 400 mm }
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Walls

Horizontal reinforcement
To be provided at each surface

Min. reinforcement area A ;i

A pmin = Max { 0,25 A, appiies ; 0,001 A } (recommended value)

Max. bar spacing s;,.x
Shmax = 400 mm

Transverse reinforcement
If As appiiea (total area in the two faces) > 0,02 A,

then transverse reinforcement should be provided in accordance with the requirements
for columns (see EN § 9.5).
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